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1.1. Rational design of macrolides by virtual screening of
combinatorial libraries generated through polyketide
synthases
Many biological organisms such as bacteria and fungi pro-
duce secondary metabolites that possess diverse biological
activities. These organisms represent a rich source of
potentially valuable pharmacological agents; most drugs
derived from secondary metabolites, such as amphotericin
and erythromycin, were discovered through random
screening of biological samples.
Despite the advantages of high throughput screening,
major limitations of this approach still exist, such as: (1)
focusing only on particular targets, which overlooks many
other useful kinds of biological activity, and (2) a low ratio
of active to inactive molecules among the compounds
tested experimentally. Various strategies have been put for-
ward to modify library design to increase the chance of
ﬁnding active hits and leads. However, most of the existing
target-based and ligand-based methods do not overcome
the limitations described, and this is particularly true
for libraries of natural compounds. Recent work has
attempted to generate a general approach to hit ﬁnding
based on in silico chemoinformatics applied to the rational
design of secondary metabolites, coupled to their corre-
sponding biosynthetic pathways.1
This approach attempts to predict and re-design the
structures of bacterial secondary metabolites based on
information known about their biosynthetic pathways.
Biosynthesis of macrolides, governed by modular poly-
ketide synthases (PKS), obeys certain rules which can be
simulated in silico. PKS mode of action theoretically allowsdoi:10.1016/j.comche.2007.02.001
E-mail: nterrett@ensemblediscovery.comfor a huge number of macrolides to be produced upon
combinatorial manipulation. Since engineering of all possi-
ble PKS variants is not possible, a ‘Biogenerator’ software
was developed which simulated manipulation of PKS to
generate virtual libraries of macrolides. These libraries
were screened with computer-aided prediction of biological
activities, as exempliﬁed by analysis of erythromycin and
macrolactin libraries. This approach allowed rational selec-
tion of macrolides with desired biological activities and
provided instructions regarding the composition of the
PKS gene clusters necessary for the microbial production
of such molecules.
Erythromycin and macrolactin were chosen as examples by
these workers because compounds such as these are assem-
bled biosynthetically by the modular polyketide synthase
(PKS) enzymes. The macrolides biosynthesised by bacteria
and fungi display a wide range of activities, including anti-
bacterial and antifungal activities. As the presence of spe-
ciﬁc biological activity plays a key role in the discovery
of new leads, computer-aided prediction of biological
activity can be used as a ﬁrst ﬁlter for selecting the
most interesting compounds in virtual combinatorial
libraries of macrolides produced by the ‘Biogenerator’
software.
When validating the approach with generation and in silico
analysis of erythromycin analogues in a virtual library, for
example, an in silico screen on a library of 285 erythro-
mycin analogues with experimentally conﬁrmed biological
activities from the MDDR database (website: http://
www.mdl.com.) was undertaken. The results of this analy-
sis shows that the in silico analysis failed to predict biolog-
ical activities only in 18 of 471 cases, giving an accuracy of
prediction of approximately 96%.
Through this work, a new approach to generation and
screening of virtual macrolide libraries has been described
that can lead to discovery of new drug-like activities
for these molecules. From this analysis and software
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construct artiﬁcial PKS gene clusters for production of the
most interesting molecules in bacteria.1.2. Click chemistry approach to phosphatase inhibitors
Protein tyrosine phosphatases (PTPs) are important regu-
lators of signal transduction pathways. Potent and selective
PTP inhibitors are useful for probing these pathways and
also may lead to the discovery of drugs for the treatment
of a variety of diseases including type 2 diabetes and infec-
tion by the bacterium Yersinia pestis. A recent publication
describes the use of Cu(I)-catalysed ‘click’ cycloaddition
reactions between azides and alkynes to generate two
sequential libraries of PTP inhibitors.2
N3
O COOMe
N
O COOH
N
N
R
(1) (2)In the ﬁrst round library, methyl 4-azidobenzoylformate
(1) was reacted with 56 acetylenes and bis-acetylenes. After
hydrolysis of the methyl esters, the resulting a-ketocarb-
oxylic acids (2) were assayed in crude form against the
Yersinia PTP and PTP1B. A number of compounds were
selected for further evaluation, and from these, one com-
pound was chosen as the lead for generation of the second
round library. This lead compound was modiﬁed by the
conversion of an alcohol into an azide group, and the
resulting azide was reacted with the same 56 acetylenes
and bis-acetylenes that were used in the ﬁrst generation
library.N N
NN
N N
H
N
O
N
N
N
HOOC
O
NH
H
N
O
N
N
N
COOH
O
HN
(3)
N
N N
H
N
O
N
N
N
COOH
O
HN
OMe
(4)After screening the crude inhibitors against the Yersinia
PTP and PTP1B, four compounds were selected and eval-
uated in pure form against the Yersinia PTP, PTP1B,
TCPTP, LAR, and CD45. The best bis(a-ketocarboxylic
acid) inhibitor (3) had an IC50 value of 550 nM against
the Yersinia PTP and an IC50 value of 710 nM against
TCPTP. The most potent inhibitor containing a single a-
ketocarboxylic acid group (4) had IC50 values of 2.1, 5.7,
and 2.6 lM against the Yersinia PTP, PTP1B, and TCPTP,
respectively.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A new and straightforward solid-phase synthesis of a series
of site-speciﬁc Amadori-modiﬁed peptides has been
described. The method involved reductive alkylation of
the e-amino groups of lysine with 2,3:4,5-di-O-isopropylid-
ene-b-d-arabino-hexos-2-ulo-2,6-pyranose in the presence
of sodium cyanoborohydride on a solid support.3
Procedures have been developed for reducing the reaction
time and improving the yield of reductive alkylations in
solid phase pseudopeptide synthesis by utilising microwave
irradiation. Dipeptides containing the reduced amide bond
w[CH2NH] as a model system were chosen and the micro-
wave assisted reductive alkylation reaction optimised in
solid phase pseudopeptide synthesis using Fmoc
chemistry.4
The ﬁrst method to load acidic heterocyclic compounds
(1,2,4-oxadiazol-5-one, 1,2,4-oxadiazol-5-thione and
1,2,3,5-oxathiadazol-2-oxide) on a polymer has been de-
scribed. These heterocycles were anchored on a 4-hydroxy-
methyl-3-methoxyphenoxybutyric acid benzhydrylamine
(HMPB-BHA) resin using Mitsunobu conditions.5
A novel synthesis of 5-aryl-4-bromo-3-carboxyisoxazoles
employing a [3+2] cycloaddition of a nitrile N-oxide with
2-aryl-1-bromoalkynes as the key step has been described.
The utility of these 5-aryl-4-bromo-3-carboxyisoxazoles in
the solid-phase synthesis of 4,5-diarylisoxazoles has been
demonstrated.6
A synthetic method for the core 4-O-glycan-linked Ser and
Thr derivatives has been developed. Highly stereoselective
3-O- and 6-O-glycosylation has also been achieved by using
two distinctively protected N-trichloroacetyllactosaminyl
ﬂuorides. In order to demonstrate the usefulness of the
protected core 4-O-glycans, a segment (Gly34-Gly58) of
emmprin (extracellular matrix metalloproteinase inducer),
a cancer metastasis-related glycoprotein, has been synthes-
ised using a solid-phase approach, using the pentasaccharyl
Thr to introduce an O-glycan in place of the native N-gly-
can at Asn44.7
The preparation of chiral orthogonally protected Na-Z, Nb-
Fmoc- or Boc-a-hydrazinoacids derivatives, directly suit-
able for solid-phase peptide synthesis, has been described
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ing a-amino acids.8
The asymmetric oxidation of a sulphide on solid phase
support using two distinct scaﬀolds as models has been
described.9
2.2. Solution-phase synthesis
A novel and eﬃcient route to 4-substituted-pyrido[2,3-d]-
pyrimidin-7-ones has been described resulting in arrays of
compounds with biological interest.10
Phenoxybenzyl ethers have been easily and quickly depro-
tected in the presence of ammonium formate and micro-
encapsulated Pd(0)EnCat with the assistance of microwave
irradiation. The protocol described is particularly conve-
nient for the preparation of libraries of compounds pos-
sessing a phenol type moiety in a parallel and automatic
fashion.11
Five regioisomeric cyclomaltoheptaose (b-cyclodextrin)
tetramesitylenesulphonates were prepared and each of
them isolated by a combination of reversed and ordinary
phase chromatographic separations. As a result of this
study, an indexed library of sulphonylated b-cyclodextrins
composed of 19 sulphonates has been established.12
2.3. Scaﬀolds for combinatorial libraries
Core 3 and core 6 O-glycoamino acids have been prepared
in a protected form suited for Fmoc solid-phase peptide
synthesis (SPPS). The usefulness of these building blocks
for SPPS has been demonstrated by the syntheses of the
core 3-linked MUC2 tandem repeat glycopeptide and the
core 6-linked glycopeptide segment of MUC6.13
2.4. Solid-phase supported reagents
No papers this month.
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
A positional scanning combinatorial library of peptide
acyloxymethyl ketones containing a P1 aspartic acid to
probe the P2, P3, and P4 subsite speciﬁcity of endogenous
cysteine protease, legumain, has been described. Using
inhibitor speciﬁcity proﬁles of cathepsin B and legumain,
ﬂuorescent activity based probes were designed that are
highly selective, cell-permeable reagents for monitoring
legumain activity in complex proteomes.14
O-Carbamoylserine and O-carbamoylthreonine are glut-
amine analogues that have been incorporated into a Stat3
inhibitory peptide to probe the requirements of Gln at
the pY+3 position. Fmoc-Ser-NHBn and Fmoc-Thr-
NHBn were converted to nitrophenyl carbonates and were
attached to Rink resin via a side-chain carbamate linkage.After assembly of the peptide, acid treatment resulted in O-
carbamoylserine and O-carbamoylthreonine-containing
peptides.15
The involvement of human lectins (galectins) in disease
progression accounts for the interest in designing potent
inhibitors. Three fully randomised hexa(glyco)peptide
libraries have been prepared using the portion mixing
method combined with ladder synthesis. On-bead screening
with ﬂuorescently labelled galectin-1 and -3 yielded a series
of lead structures, whose inhibitory activity on carbohy-
drate-dependent galectin binding was tested both in solu-
tion and in cell assays.16
Using solid phase-assisted synthesis and puriﬁcation, a 49
member library of analogues of the mammary tumour che-
mopreventive retinoid N-(4-hydroxyphenyl)retinamide (4-
HPR) have been prepared. After prescreening for growth
inhibitory activity in human mammary tumour cells
(MCF-7) in culture, most of those analogues which showed
activity were assayed for apoptosis-inducing activity in the
MCF-7 cells.17
A library of glycoconjugate benzenesulphonamides that
contain diverse carbohydrate-triazole tails were investi-
gated for their ability to inhibit the enzymatic activity of
the three human transmembrane carbonic anhydrase
(CA) isozymes hCA IX, hCA XII and hCA XIV.18
As a model system for designing new inhibitors of bacterial
cell division, the essential and highly conserved FtsZ
GTPase from Pseudomonas aeruginosa was studied. A col-
lection of GTP analogues were prepared using solid-phase
parallel synthesis and they inhibited the GTPase activity of
FtsZ with IC50 values between 450 lM and 2.6 mM.19
Novel piperazinyl-amide derivatives of N-a-(aryl-sulphon-
yl)-l-arginine were synthesised as graftable thrombin
inhibitors, in the context of biomaterials design. All the
compounds of the library were found to be active at the
micromolar level, as the reference TAME (N-tosyl-l-argi-
nine methyl ester).20References
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